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PREFACE 
This document is the final report for contract NAS9-9982, Data 
Reduction and Analysis. The work statement of this contract was 
to reduce and analyze data obtained by the alpha particle spec-
trometer flown onboard Apollo 15 and Apollo 16. 
A number of publications have appeared in major scientific 
journals as a result of work done under this contract. The 
popular press has also taken note of the results. 
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l. 0 INTRODUCTION 
The function of the alpha spectrometer is to detect and measure 
the energies of alpha particles emitted by the radon isotopes and 
their daughter products. The sensing elements are 10 totally de-
pleted silicon surface-barrier detectors, each approximately 100 
f.J.m thick, having 3 cm2 of active area and a 90° field of view, 
and operating at a -50-V bias. Additional gold, aluminum, and 
nickel layers are used at the contacts to ensure that exposure to 
visible light will not degrade the experiment performance. The 
thickness of the detectors was chosen so that any background 
protons (deuterons or tritons) would produce an output pulse of 
less than that for a 5-MeV alpha particle, while the output for 
alpha particles up to 12 MeV would be linearly proportional to 
energy. This design precludes the necessity for discriminating 
against other particles in any other way. 
The 10 detector preamplifier outputs are merged in a single summing 
amplifier and processed by a single analog-to-digital converter 
(ADC). Although the use of one ADC minimizes the complexity of 
the hardware, the noise from all 10 preamplifiers is summed, re-
sulting in a resolution degradation of a factor of approximately 3. 
To circumvent this problem, each preamplifier has a bias offset 
corresponding to 350 keV. This offset effectively removes the 
noise, except from the preamplifiers that are giving a signal pulse, 
and allows the use of a single ADC without significant degradation 
in resolution. 
The ADC converts the energy pulse into a 9-bit digital signal. If 
the most significant bit is a l, the ADC is disabled and the digital 
signal held until the next telemetry read-out (every 100 Msec). If 
the most significant bit is zero, the ADC is reset, and the next 
l 
pulse is processed. This design allows the instrument to digitize 
to a 9-bit accuracy and transmit only 8 bits. Therefore, only the 
upper half of the digitized energy range is telemetered. Physically, 
this is reasonable because the alpha energies of interest range 
from 5. 3 to 8. 8 MeV; also, the usage of telemetry time by any 
low-energy background is prevented. The actual telemetered 
energy range of the instrument was 4. 7 to 9. l MeV. Parallel 
circuitry generates an analog signal of 0. 25 to 4. 75 V in steps of 
0. 5 V; this signal identifies the detector that originated any given 
pulse. 
Because the digital telemetry is limited to 80 bits/sec (10 counts/ 
sec), an additional circuit is used that generates an analog signal 
proportional to the time from the end of one telemetry read cycle 
to the sensing of the first pulse with energy greater than 4. 7 MeV. 
This signal allows the dead-time correction of the data if the count 
rate exceeds approximately 20 counts/sec. Exclusive of house-
keeping, the output consists of an 8-bit energy word, an analog 
voltage· identifying the detector, and an analog voltage exponentially 
proportiona 1 to the count rate. 
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2. 0 INSTRUMENT PERFORMANCE 
The Apollo 15 spectrometer was turned on at 15:4 7 GMT on 2 9 July 
1971 and remained on until 12:43 GMT on 7 August 1971, except 
for short periods during major burns and during water and urine 
dumps. The spectrometer functioned as expected during this 
period except for short noise bursts in two detectors. This caused 
approximately a 10% reduction in sensitivity in about 20% of the 
data. Because the loss of sensitivity was minimal and confined 
to a small amount of data, there was little or no effect on the 
overall capability of the experiment. 
The Apollo 16 spectrometer was activated at approximately 02:00 
GMT on 20 April 1972 and remained on during the remainder of the 
mission except for periods during major burns, water or urine 
dumps, and those periods when the mission significantly deviated 
from the nominal time line. The spectrometer functioned as expected 
throughout the total mission. 
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3. 0 DATA REDUCTION 
The telemetered data was sent directly from the Manned Space-
craft Center to AS&E for processing. Three types of tapes were 
used: (1) digital alpha spectrometer data, (2) trajectory data 
(derived from tracking information by MSC), and (3) standard 
SIM support tapes. The number of each type of tape received 











Data Tapes 60 
Trajectory Tapes 10 
SIM Support Tapes 62 
TOTAL 132 
Tota 1 Apollo 15 and Apollo 16 2 57 
The SIM support tapes were required only for engineering purposes 
in case of abnormal behavior of the instruments. Since both in-
struments operated normally, the SIM support tapes were cataloged 
and stored only. The ephemeris tapes are normally used in routine 
processing. Selected data words were chosen from the supplied 
tapes and rewritten on a time merged working tape. The data se-
lection was made to optimize the search time required during 
routine processing. 
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The spectrometer data tapes required significantly more processing 
to produce tapes usable for routine data reduction. Each tape in-
dividually had to be read, bad telemetry data removed, time back-
ups and overlaps corrected, data skew detected and corrected if 
necessary, and housekeeping data verified and flagged if out of 
specification. After this pre-processing, the data tapes were 
time merged to produce two time continuous tapes with only good, 
corrected data. 
At this point the data were scanned to look for systematic drifts 
due to temperature variations. A set of empirical temperature 
corrections of the gain were generated. The data could then be 
searched for the alpha decay products of radon. 
The computer programs generated during this phase were: 
1. A pre-processing program used to verify validity of data 
and make any required formatting corrections. 
2. A summary program which reads data tapes and summarizes 
the data and experiment configuration in 5 minute intervals. 
3. A summary program for the ephemeris tapes with hard copy 
capability. 
4. A general purpose tape merging routine to create a single 
time sequential tape from several tapes. 
5. An overlay program capable of combining data from specified 
time and/or longitude intervals. 
6. An overlay program capable of combining data in 10° x 10° 
bins. 
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4. 0 DATA REPORTING 
The data were reported to the technical and scientific community 
in the following papers: 
1. P. Gorensteirt and P. Bjorkholm, "Alpha Particle Spectrometer 
Experiment" Apollo 15 Preliminary Science Report (NASA SP-
289) Chapter 18, 1972. 
2. P. Gorenstein and P. Bjorkholm, "Alpha Particle Spectrometer 
Experiment" Apollo 16 Preliminary Science Report (NASA SP-
315) Chapter 20, 1973. 
3. P. Gorenstein and P. Bjorkholm, "Detection of Radon 
Emanation from the Crater Aristarchus by the Apollo 15 
Alpha Particle Spectrometer" .Science ill· 792, 1973. 
4. P. Bjorkholm, L. Golub, and P. Gorenstein, "Detection 
of a Non-Uniform Distribution of 210 Po on the Moon with 
the Apollo 16 Alpha Particle Spectrometer" Science J&Q. 
957, 1973. 
5. P. Gorenstein and P. Bjorkholm, "Observation of Lunar Radon 
Emanation with the Apollo 15 Alpha Particle Spectrometer" 
Proceedings of the Third Lunar Science Conference (Supple-
ment 3, Geochimica et Cosmochimica Acta) Vol. 3, pp. 3179-
3187, 1972. 
6. P. Bjorkholm, L. Golub and P. Gorenstein, "Distribution of 
222 210 Rn and Po on the Lunar Surface as Observed by the 
Alpha Particle Spectrometer" Proceedings of the Fourth Lunar 
Science Conference (in press), 1973. 
7. P. Gorenstein, L. Golub, and P. Bjorkholm, "Spatial Features 
and Temporal Variability in the Emission of Radon from the 
Moon: An Interpretation of Results from the Alpha Particle 
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Spectrometer" Proceedings of the Fourth Lunar Science Con-
ference (in press), 1973. 
8. P. Bjorkho1m, L. Golub, and P. Gorenstein, "Detection of 
Present-Day Activity at the Edges of Lunar Maria with the 
Apollo Alpha Particle Spectrometer" Science (to be submitted), 
1973. 
9. P. Gorenstein, L. Golub, and P. Bjorkholm, "Radon Emana-
tion from the Moon, Spatial and Temporal Variability" The 
Moon (in press), 1973. 
10. P. Gorenstein, L. Golub, and P. Bjorkholm, "Radon Emana-
tion from the Moon - Spatial and Temporal Variability" 
Proceedings of COSPAR Meeting, Konstanz, 1973. 
Results of the experiment were presented orally at: 
l. The Third Lunar Science Conference. 
2. The Fourth Lunar Science Conference. 
3. Committee on Space Research, Madrid, 1972. 
4. Committee on Space Research, Konstanz, 1973. 
5. Apollo 15 Investigators Meeting. 
6. Lunar Science Institute, December 1971. 
7. Lunar Science Institute Meeting, January 1973. 
8. American Nuclear Society Meeting, Las Vegas, 1972. 
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These results were noted and commented on in the non-technical 
press by the following: 
1. New York Times News Service, appeared in the New York 
Times on Thursday, 22 February 1973. 
2. Sky and Telescope, May 1973, p. 277-8. 
3. National Geographic (in press). 
5. 0 SUBMITTAL OF DATA TO THE NATIOANL SPACE SCIENCE 
DATA CENTER 
On 7 November 1972 the submittal of the alpha particle spectrom-
eter data to the National Space Science Data Center was initiated. 
By 30 November 1972 the submittal was complete. Included in the 
transmittal were: 
1. An instrument description. 
2. Processed telemetry data from Apollo 15. 
3. Processed telemetry data from Apollo 16. 
4. Format description of data files. 
5. Instructions for temperature correction of data. 
6. Empirical temperature correction coefficients for the 
Apollo 15 instrument. 
7. Empirical temperature correction coefficients for the 
Apollo 16 instruments. 
8. Mission profile of instrument status for Apollo 15. 
9. Mission profile of instrument status for Apollo 16. 
10. Documentation of data records for Apollo 15. 
11. Documentation of data records for Apollo 16. 
Copies of items 4- 11 inclusive are included on the following 
pages. 
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